INTRODUCTION
50% of failure in automation systems attribute to custom built vibratory feeder and the major problem being lack of flexibility [1] . Berretty et al [2] discussed a sequence of mechanical devices such as wiper blades, grooves to filter polygonal parts on a track. They termed this as 'traps', which either reject the disoriented parts or reorient the parts to desired orientation.A trap based part feeding system for handling brakeliner parts was developed by Udhayakumar et al [3] . The working of the trap (Figure 1 ) is as follows:
• The natural resting orientations of brakeliners were named as 1 to 8 as shown in Figure 1 and were considered as incoming parts to the trap.
• Wiper Blade converted cross wise orientations (1, 2, 5 & 6) into length wise orientations (3, 4, 7 & 8) .
• Guiding block guided all length wise orientations.
• Edge riser converted orientation 3 into 8 and 4 into 7.
• When orientation 7 passed over the slot, it fell through the slot and rested on the conveyor below it, in orientation 8.
• Orientation 8 remained undisturbed throughout the trap.
Hence, the output from the trap was always orientation 8. But, the developed trap was capable of handling brakeliners of specific dimensions only. But in practice, brakeliners of different dimensions are manufactured. If different traps are used for different sized parts, then valuable time would be wasted in changing the traps (retooling). Instead, if a single trap is capable of handling different sized parts, then the wastage in time for retooling could be avoided.So, there is a need to develop flexible part feeders that can handle parts with different dimensions. Janeja and Lee [4] stated that if the existing orienting elements were able to be adjusted rapidly, then this would convert a rigid design to a flexible one without any sacrifice in its efficiency. This would be able to handle a family of similar parts.
To develop such a flexible part feeder, the first step would be identification of the size of the incoming part. Based on the size of incoming part, the feeder could be adjusted to accommodate them. In this paper the part feeder developed by Udhayakumar et al [4] was considered. For developing a flexible feeder of handling brakeliner parts of varied dimensions, the sizes of the parts are to be identified. This paper focuses on development of a part identification system using proximity sensors. The concept of using a LED sensor to determine the part orientation was presented by Akella and Mason [5] . A LED sensor was used to measure the resting diameter or width of polygonal parts. An array of LEDs was arranged on the side of conveyor and a set of photo resistors on the opposite parallel side. By the LED-photo resistors blocked by the part, the resting diameter or width of polygonal parts was identified. Based on this partial information from the sensor, a robot was programmed to execute a sequence of push-align operations to orient the part. Sim et al [6] stated that programmable part Part Identification System for a Flexible Feeder using Proximity Sensors
feeders that can handle parts of one or more part families with short changeover times are highly in need. Three fibre optic sensors mounted on vibratory bowl feeder were used to scan the surface of each feeding part. The scanned signature was used as input to neural network models to identify the part. Tay et al [7] used optical sensors to identify the internal features such as holes and pockets of the part in his flexible and programmable vibratory bowl feeding system. Causey et al [8] presented the design and development of a flexible parts feeding system. He proposed three conveyors working together. The first inclined conveyor was used to lift parts from a bulk hopper. From the first conveyor, the parts were transferred to a horizontally mounted second conveyor. An under lit window presented a silhouette image of the parts to vision system. Based in this, the pose of part was determined and a robotic arm was used to acquire it. Parts in inferable orientation/overlapping were returned to bulk conveyer by a third conveyor. Gudmundsson and Goldberg [9] analysed the use of vision cameras in robots for part feeding. They found that the throughput of a part feeding system could be affected by starvation, where no part is visible to the camera and saturation (too many parts are visible to camera which acts as an obstacle for the robot to identify the part orientation and grasp it).Chen et al [10] developed a smart machine vision system for inspection of solder paste on printed circuit boards (PCB). Machine vision was considered since it has advantages over the traditional manual inspection by its higher efficiency and accuracy. The accuracy of detection has exceeded 97%, when deployed in the manufacturing line. Sumi and Kawai [11] proposed a new method for 3D object recognition in a cluttered environment, which used segment-based stereo vision. Based on the position and orientation of the object, a robot was signaled to pick and manipulate it. Khan et al [12] used a vision set-up to inspect for defects based on the size, shape, color and dimensions of the part that arrived on a conveyor. The camera was mounted on the conveyor belt. Based on the output from the vision system, a lever attached to a stepper motor directed the part to the accepted or rejected trays. The accuracy of the system was found to be about 95%.Though the vision systems are common in flexible part feeders, they made the systems costlier. The main objective of this paper is to develop a low cost part size identification system using proximity sensors thereby eliminating costlier vision systems.
PARTS CONSIDERED
To demonstrate the concept of the part identification system, three different sizes of brake liners were considered. The brake liners were geometrically similar as shown in Figure 2 , but with different dimensions as listed in Table 1 and were made of the asbestos based mixture.They were named as 'small', 'medium' and 'large' respectively based on their dimensions (Table 1) .
FLEXIBLE PART FEEDER
The trap developed by Udhayakumar et al [3] had a fixed track width and hence was capable of handling parts with specific width only (Figure 3) . Since, the trap width was fixed, parts with different sizes were not able to pass through the trap. The parts with dimensions greater than the track width got blocked at the entry of guiding block and parts with dimensions less than the track width did not pass through the gates effectively. In order to accommodate different sized brakeliners, the track width of the trap had to be adjusted accordingly. The flexible part feeder had two major modules, i.e. part identification system and stepper motor control system, as indicated in Figure 4 . The part identification system acts as an input to stepper motor control module which adjusts the track width using rack and pinion arrangement. 
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PART IDENTIFICATION SYSTEM
In flexible part feeders, vision systems were commonly used for part identification which is evident from the several works of [8] [9] [10] [11] [12] .This made the system costlier. In this paper, a low cost part size identification system was proposed to identify the size of the parts using two capacitive type proximity sensors.The capability of capacitive sensors in proximity sensing is well defined in the works of Badelt and Blaisdell [13] and Lee et al [14] . The specification of the capacitive type proximity sensor used is given in Table 2 and two such sensors were used for part size identification. The sensor gave a sharp rise in voltage (high pulse) of 10 V, when a part was available within its sensing range. This attribute was used to detect the part within its vicinity. If no part was detected within the sensing range of the sensor, the output was 0 V. The duration taken by the part to cross the sensors was determined by the duration of high output pulse and based on that the size of part was determined. Figure 1 , whenever the parts with orientations 1, 2, 5 and 6 entered the wiper blade, they got guided along the blade profile and were forced to enter the narrow region of the guiding block. To pass through the narrow region, the orientations 1, 2, 5 and 6 got converted to orientations 3, 4, 7 and 8. So, at the exit of wiper blade and entry of guiding block the parts were in orientations 3, 4, 7 and 8 only.
The two capacitive sensors were placed at a distance of 200 mm before the entry of guiding block as shown in Figure 5 . The sensors were placed well before the guiding block inorder to take care of the time consumed by the sensor and stepper motor control module to adjust the trap width. The time consumed by the system to control the trap width based on the output from sensor was approximately two seconds, which was verified experimentally. While the part was travelling the distance of 200 mm (between the sensor location and entry of guiding block) the system adjusted the trap width according to the output of the sensors. This ensured that, before the parts reached the entry of guiding block, the trap width was adjusted accordingly.This prevented the parts from getting blocked at the entry of the guiding block. The sensors wereinterfaced using LabVIEW software through an USB 6009 Data Acquisition card (DAQ).Since, a track angle of 120 was provided as indicated in Figure 6 , the part was always in contact with the track wall of the trap. This enabled proper size detection by the sensors. The output pulse of the sensor was captured using LabVIEWsoftware and USB 6009 DAQ card. Based on the time duration of the high output pulse, the size of brakeliner was identified. Once uniform conveying velocity was maintained, the duration of high output pulse was directly proportional to the size of the brake liner. Sensor-1 (Figure 7 (a) and 8 (a)) was used to identify the size of the orientations 3 and 4 whereas sensor-2 ( Figure 9 (a) and 10 (a)) was used to identify the size of the orientations 7 and 8. When orientations 3 and 4 entered the trap, sensor-1 sensed and provided a high pulsebased on the size of the part as shown in Figure 7 (b) and 8 (b) . Similarly, when orientations 7 and 8 entered the trap (Figure 9 (a) and 10 (a)), sensor-2 sensed and provided a high pulsebased on the size of the part as shown in Figure 9 (b) and 10 (b). When the output pulses were high in both the sensors, the longest pulse of both the sensors was found and the part size was determined using LabVIEW program. The proposed system was experimented 300 times and the system identified the correct size of the part 254 times, and hence the efficiency of the system was around 84.6%. Sometimes, due to hopping of parts because of the vibratory motion, the parts moved away from the range of the sensor and hence the capacitive sensor could not detect the part. This was the reason for the reduction in efficiency by 15.4%.Based on the output signals from the capacitive sensors, the stepper motor was rotated to adjust the trap width through a rack and pinion arrangement as shown in Figure 11 . The critical parameters in this system were the position of sensors and the development of program to identify the part size. Based on the part geometry, the position of proximity sensors could be adjusted. However, this system becomes too difficult for parts with complex geometry and large size. This proposed system can replace costlier vision systems for small parts with simple geometry.
CONCLUSION
For a flexible part feeder, part identification system is essential. A low cost part identification system, used to determine the size of the incoming part, was fabricated using two capacitive sensors, thereby eliminating the use of costlier vision systems. The efficiency of the proposed system was found to be 84.6%. However, this system is limited to small parts with simple geometry due to difficulty in determining the position of sensors for parts with complex geometry. Based on the output from the capacitive sensor, the track width of the trap was modified to accommodate different sized parts. The track width was adjusted using a stepper motor with pinion and rack arrangement. Such alternate part identification systems will reduce the cost of flexible feeders. Once general guidelines are established for position of sensors based on part geometry, the development of low cost part identification systems would be made simpler.
